Europalsches Patentamt 
European Patent Office 
Office europden des brevets 



© Publication number: 



111 



0 654 256 A1 



® 



EUROPEAN PATENT APPLICATION 
published In accordance with Art. 
158(3) EPC 



© Application number: 94907661.6 

© Date of filing: 23.02.94 

® International application number: 
PCT/JP94/00273 

® International publication number: 
WO 94/18921 (01.09.94 94/20) 



© int. CIA A61F 9/00, A61K9/00 



® Priority: 26.02.93 JP 62814/93 
04.03,93 JP 69457/93 

© Date of publication of application: 
24.05.95 Bulletin 95/21 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC 
NL PT SE 

© Applicant: SANTEN PHARMACEUTICAL CO., 
LTD. 

9-19, Shimoshinjo 3-chome 
Hlgashiyodogawa-ku 
Osaka-shi 
Osaka 533 (JP) 

@ Inventor: OGURA, Yuichiro 



Urban Contort 729, 
267, 

Yasenosecho, 

Sakyo-ku 

Kyoto-shi, 

Kyoto 601-12 (JP) 

Inventor: IKADA, Yoshito 

2-182, 

Hirrokadani, 
Gokanosho 
Uji-shi, 

Kyoto 611 (JP) 



© Representative: Paul, Dieter-Alfred, Dlpl.-lng. 
Fichtestrasse 18 
D-41464 Neuss (DE) 



© BIODEGRADABLE SCLERA PLUG. 



If) 

CM 

ID 
CO 



© This invention relates to a sclera plug consisting of a lactocopolymer, a sclera plug containing a drug and 
designed so as to release the drug gradually into a vitreous body, and a sclera plug used to cure or prevent a 
retinal disease by utilizing the sustained release action of the drug and promote the healing of a vitreous body 
after a surgical operation thereon. The sclera plug according to the present invention closes effectively an 
opening made during a surgical operation on a vitreous body, and need not be removed after the surgical 
operation. When this sclera plug is used, a drug can be released gradually for a long period of time into 
intraocular tissues into which the permeating of a drug is otherwise very difficult, so that the administration of a 
drug can be carried out safely and effectively. Moreover, a simple clinically applicable administration method 
can be found by utilizing a sclera cut made during a surgical operation on a vitreous body. 
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TECHNICAL FIELD 

The present invention relates to a biodegradable scleral plug and a technique to attain sustained 
release of a drug into a vitreous body with the use of the scleral plug including the drug. Moreover, the 
5 present invention relates to a scleral plug that can be used to treat or prevent diseases of the retina or to 
promote recovery from damage after vitreous surgery while taking advantage of the sustained release of a 
drug. 

BACKGROUND OF THE INVENTION 

10 

A vitreous body is one of intraocular tissues that is viscous, transparent, and gel-like. A vitreous body 
consists mainly of water and includes components comprising collagen fibers and hyaluronic acid. The 
retina is the most inner tissue layer of the eye. It covers a vitreous body and is in direct contact therewith. 
Diseases of the retina are generally intractable and some of the diseases are accompanied by opacity of 

J5 the vitreous body. Examples of such diseases are retinal hemorrhage caused by various damage, 
proliferative vitreoretinopathy accompanied by vascularization and proliferation of retinal cells, retinal 
detachment and retinoblastoma. 

Eye diseases are generally treated by instillation of drugs. However, drugs can barely reach the retina 
or vitreous body by instillation. Moreover, the blood-aqueous barrier reduces delivery of effective concentra- 

20 tion of a drug to the retina or a vitreous body even by a systemic administration, e.g., intravenous 
administration. It is not practical to inject a drug directly into a vitreous body, because injection of a high 
concentration of a drug may cause disorders of intraocular tissues and the procedure for repeated injection 
is laborious and may cause infection. 

Some diseases are treated by intraocular surgery. For example, in the case of vitreous hemorrhage, the 

25 opaque vitreous body is excised, and in the case of proliferative vitreoretinopathy, the proliferative tissues 
and the vitreous body are excised. In the case of retinal detachment, the vitreous body is excised and an 
artificial vitreous body such as silicone is used to hold the retina steady. In vitreous surgery, the sclera that 
is the eyeball wall is incised at three sites; a site to irrigate physiological irrigating solution into the eye, a 
site to insert a guide that is used to light up the intraocular portion, and a site to insert tools for excision of a 

30 vitreous body, such as a cutter. A scleral plug made of metal may be used temporarily to insert tools into 
the eye or remove them (Am. J. Ophthalmol. 9±, 797 (1981)), but the incisions are finally sutured to 
complete surgery. 

For medicinal treatment of diseases of the retina or diseases of the vitreous body, a direct injection of 
drugs into the vitreous body is used. Methods for treating diseases have been studied in which micro- 
35 spheres or liposomes were used to release drugs slowly (Invt. Ophthalmol. Vis. Sci. 32, 1785 (1991)). 

Recently, polymers from lactic acid have been studied as biodegradable polymers. Application studies 
of such polymers are reported, for example, as a substance to fix fractures of bones (Japanese Unexamined 
Patent Publication 29663/91), as a suture for surgery (Japanese Unexamined Patent Publication 501109/92), 
or as a vehicle for an intraocular implantation (Japanese Unexamined Patent Publication 22516/88). 
40 Sustained release of drugs with the use of poly(lactic acid) has also been studied (J. Med. Chem. 16, 897 
(1973)). Furthermore, sustained release preparations for intraocular implantation using low molecular-weight 
poly(lactic acid) have been reported (Japanese Unexamined Patent Publication 17370/93). 

While methods for gradually releasing drugs into a vitreous body using microspheres or liposomes are 
known, a need still exists for an innovation to readily control the release of drugs over a long period of time. 
45 To attain that object, we focused attention on the above-mentioned metallic scleral plug, which has been 
used as a temporary plug for incisions during vitreous surgery. 

The objects to be attained by the present invention are basically as follows. 

A first object of the present invention is to provide a scleral plug which can firmly plug an incision after 
vitreous surgery and need not removed, 
so Another object of the present invention is to provide a method of releasing drugs gradually into the 
intraocular tissues, where drugs are very difficultly delivered, for a long period of time to make it possible to 
administer drugs safely and effectively. 

A further object of the present invention is to provide a convenient method of administering drugs that 
can be used clinically taking advantage of a scleral incision, after vitreous surgery. 

55 
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DISCLOSURE OF THE INVENTION 

As the result of our research on material for a scleral plug that need not be removed after surgery, we 
found that by using a lactic acid copolymer as the plug material, a scleral plug that is gradually degraded in 

5 the eye tissues and absorbed into the tissues, is safe to the highly sensitive tissues of the eye, can be 
prepared. Meanwhile, various properties are further desired to be provided to a scleral plug. Desired 
properties include maintaining the function to plug a scleral incisions for a required period, being degraded 
and absorbed in the required period, being easily handled during surgery, and so on. First, we examined a 
range of molecular weights for the lactic acid copolymer and the molar ratio of lactic acid units in the lactic 

w acid copolymer which should satisfy the desired conditions, and found that it is preferable that the weight- 
average molecular weight of the lactic acid copolymer is in the range from 10,000 to 1,000,000 and the 
molar ratio of lactic acid units in the lactic acid copolymer is in the range from 50 to 100 mole %. Further, 
as a result of our study on the shape of a scleral plug, we found that it is preferable for a scleral plug to 
have a nail-like shape comprising a head portion, which prevents the plug from dropping into the inner site 

is of eye, and a shaft portion, which is inserted through a scleral incision into the vitreous body. In particular, it 
is preferable that the end of the shaft portion is pointed, i.e., it is an acute-angled shape, such as pyramidal 
or conical, to prevent complication damage which may be caused when the plug is inserted. 

We also studied a method to release a drug gradually into a vitreous body, and found that the object to 
release a drug gradually can be attained by allowing the drug to be contained in a scleral plug made of 

20 lactic acid copolymer, inserting the plug through a scleral incision into the vitreous body, and putting the 
end portion of the plug into the vitreous body. The insertion of the plug is usually carried out at a site of 
pars plana. It is possible to design the scleral plug of the present invention to enable a drug to be released 
depending on a desired releasing period by altering the molecular weight and/or the molar ratio of lactic 
acid units of the lactic acid copolymer. Because the plug is made of a biodegradable polymer, we found 

25 that the scleral plug of the present invention need not be removed after the drug is completely released, 
which could make it possible to attain effectively the object of the present invention. We also found that the 
scleral plug of the present invention could be inserted not only through an incision from vitreous surgery but 
also through a small opening directly made into a vitreous body through the sclera because the scleral plug 
of this invention can easily be inserted into the vitreous body through the sclera. Therefore, the scleral plug 

30 of the present invention can be used to treat or prevent diseases of the retina even if vitreous surgery is not 
carried out. If a very long drug-releasing period is needed, additional scleral plugs of the present invention 
can be inserted. If a high concentration of the drug is needed, a plurality of the plugs of the present 
invention can be inserted simultaneously. 

The present invention relates to a scleral plug made of lactic acid copolymer; a scleral plug containing 

35 a drug that is designed to gradually release the drug into a vitreous body; and a scleral plug that is used to 
treat or prevent diseases of the retina or to promote recovery from damage after vitreous surgery taking 
advantage of its sustained release effect for drug delivery. As used herein, "a lactic acid copolymer" 
generally means a copolymer comprising lactic acid units and glycolic acid units. However, malic acid, 
glyceric acid, or tartaric acid, etc. can also be used instead of glycolic acid. "A lactic acid copolymer" also 

ao includes a copolymer consisting of lactic acid units in a molar ratio of 100%, i.e., poly (lactic acid). A lactic 
acid unit may be in a L-, D-, or DL-form. 

A scleral plug needs to be strong enough not to break or chip by manipulation with a pincette during 
surgery. Moreover, a scleral plug needs to have properties to release a drug slowly during the desired 
period of time for treatment, etc., and to be degraded in eye tissues and absorbed into the tissues 

45 afterwards. The properties of a scleral plug can be determined by the weight-average molecular weight of 
the copolymer, the ratio of lactic acid units and glycolic acid units (unless otherwise stated the ratio is 
represented on a molar basis), and the like. To simplify the following explanation hereinafter, a copolymer 
consisting of lactic acid units and glycolic acid units is taken as a sample of copolymers. The degree of 
degradation of the copolymer essentially depends upon the degree of crystallinity and water absorptivity of 

so the copolymer. As either the ratio of lactic acid units or that of glycolic acid units becomes higher, the 
degree of crystallinity becomes higher and the degradation rate becomes lower. When the ratio of lactic 
acid units and glycolic acid units is 50/50, the degradation rate is the highest. As the ratio of glycolic acid 
units in the copolymer becomes higher, the characteristics of polyglycolic acid appear and result in an 
increase of hydrophilicity, because polyglycolic acid is slightly more hydrophilic than poly(lactic acid). 

55 Therefore, the water absorptivity becomes higher and the degradation rate becomes higher. If the ratio of 
glycolic acid units is over 50%, the plug is difficult to prepare, because the copolymer is not easily 
dissolved in the usual organic solvents that are used to prepare the plug. Therefore, in consideration of the 
above mentioned characteristics of glycolic acid units, the ratio of glycolic acid units is preferably 50% or 
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less. 

The degradation rate of the plug is generally in proportion to the weight-average molecular weight of the 
copolymer. Therefore, as the molecular weight becomes higher, the degradation rate becomes lower. 

When the plug is prepared, the ratio of lactic acid units and glycolic acid units and the molecular weight 

5 of the copolymer can be selected by taking account of the above-mentioned characteristics of the 
composition and functions required of the plug. The molar content of the lactic acid units in the copolymer 
for the scleral plug of the present invention is preferably 50 to 100%. The molar content of the glycolic acid 
units is preferably 0 to 50%. The molecular weight of the copolymer affects the strength of the plug. As the 
molecular weight becomes higher, the strength of the plug is increased. Taking into consideration the 

;o strength required for the plug, the molecular weight of the copolymer is preferably 10,000 or more. When 
the molecular weight is too high, the degradation rate of the plug becomes low and the molding of the plug 
becomes difficult. Accordingly the molecular weight of the copolymer is preferably 1,000,000 or less. Thus, 
the weight-average molecular weight of the copolymer is preferably from 10,000 to 1,000,000 and can be 
selected from the range depending on the application purposes. 

is The weight-average molecular weight of the copolymer and ratio of lactic acid units and glycolic acid 
units are determined depending upon the period of time to maintain the effective concentration of the drug. 
The period of time to maintain the effective concentration of the drug, i.e., a required releasing period, is 
mainly determined depending upon the disease to be treated, the symptoms, and the effects of the drug. 
The scleral plug of the present invention can be preferably used to treat various kinds of retina diseases or 

20 to promote recovery from damage after vitreous surgery. For example, proliferative vitreo retinopathy, viral 
infection, postoperative inflammation, postoperative infection can be treated or prevented. The releasing 
period of a drug can be controlled in the range from one week to six months by selecting the molecular 
weight of the copolymer or the ratio of lactic acid units and glycolic acid units. 

If the desired releasing period is relatively short, such as one to two weeks, the molecular weight of the 

25 copolymer can be about 10,000 to 100,000 and preferably about 10,000 to 50,000, and more preferably 
20,000 to 40,000. If the desired releasing period is about two weeks to one month, the molecular weight of 
the copolymer can be about 10,000 to 200,000 and preferably about 20,000 to 100,000, and more 
preferably 20,000 to 50,000. If the desired releasing period is long, i.e., more than one month, for example, 
one to six months, the molecular weight of the copolymer can be about 10,000 to 1,000,000 and preferably 

30 about 20,000 to 400,000, and more preferably 40,000 to 200,000. As described above, the releasing period 
of a drug can also be controlled by altering the molar ratio of lactic acid units and glycolic acid units. Taking 
into consideration the releasing period of the drug and the degree of degradation of the plug, an appropriate 
molecular weight and the ratio of lactic acid units and glycolic acid units in the copolymer are selected. The 
ratio of lactic acid units and glycolic acid units is in the range from 100/0 to 50/50. 

35 In more detail, when the drug is doxorubicin hydrochloride, which is useful for proliferative 
vitreoretinopathy, the releasing period for the drug is preferably two weeks to one month. The molecular 
weight of the copolymer of the scleral plug is about 10,000 to 200,000, preferably about 20,000 to 100,000, 
more preferably about 20,000 to 50,000 and the ratio of lactic acid units and glycolic acid units is 100/0 to 
50/50, preferably 80/20 to 50/50, more preferably about 80/20 to 70/30. When the drug is ganciclovir, which 

40 is useful for viral infection, the releasing period of the drug is more than one month, for example one to six 
months, preferably about four to six months. The molecular weight of the copolymer of the scleral plug is 
about 10,000 to 1,000,000, preferably about 20,000 to 400,000, more preferably about 40,000 to 200,000 
and the molar ratio of lactic acid units and glycolic acid units is 100/0 to 50/50, preferably 80/20 to 50/50, 
more preferably about 80/20 to 70/30. 

45 A plurality of the scleral plugs of the present invention can be used simultaneously and successively or 
additionally. Therefore, if a high concentration of the drug is needed for clinical treatment, a plurality of the 
plugs can be used simultaneously, and if a releasing period of the drug should be extended, the plugs can 
be used successively or additionally. Thus, even if a desired amount of the drug can be hardly contained in 
a piece of plug, a desired amount of the drug can be released into the vitreous body by using plugs 

so simultaneously or successively. 

Japanese Unexamined Patent Publication 17370/93 discloses the use of poly(lactic acid) in a sustained 
release preparation that can be implanted in eyes, but the poly(lactic acid) is low in average molecular 
weight (up to about 7000). Such low molecular-weight poly(lactic acid) can not be used as a material for the 
scleral plug, because the above-discussed desired properties cannot be obtained. 

55 A preferred shape of the scleral plug is a nail-like shape comprising a head portion, which prevents the 
plug from dropping into the eye ball, and a shaft portion, which is inserted into a scleral incision. In 
particular, it is preferable that the end of the shaft portion be pointed, i.e., it is an acute-angled shape, such 
as, pyramidal or conical to prevent disease complication, which may be caused when the plug is inserted. 
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Preferably, the head portion is formed in a hemispheric, disk-like or polygonal (e.g., hexagonal) shape and 
the shaft portion is formed in prismatic, columnar, or the like, shape. The following information on the sizes 
of the plug is given by way of explanation to make understanding the shape of the plug of the present 
invention easier. The length of the plug is normally about 6 mm, the diameter of the head portion is about 2 

5 mm, the diameter or width of the shaft portion is about 1 mm, and the weight of the plug is about 9 mg. Of 
course, these sizes can be altered depending upon the amount of the drug to be contained. A release of the 
drug into the vitreous body can be attained by diffusion of the drug accompanying hydrolysis of the 
copolymer of the plug. The plug is not required to be removed because it is degraded in eye tissues and 
absorbed into the tissues. The amount of the released drug can be adjusted to a level that can maintain the 

w effective concentration in the vitreous body and does not cause retinal damage, since the retina is easily 
damaged by contact with a high concentration of drugs. The amount of the released drug can be controlled 
by selecting the content of the drug in the plug, the molecular weight of the copolymer and a ratio of lactic 
acid units and giycolic acid units. The amount of the drug to be contained in the plug can be selected 
depending on the period over which the effective concentration of the drug should be maintained. The 

75 period can be selected depending on the disease to be treated or prevented, the symptoms, the properties 
or effects of the drug, etc. The period to maintain the effective concentration of a drug is normally in the 
range of a week to six months. For example, when antitumor agents, such as doxorubicin hydrochloride, 
which can be used to treat proliferative vitreoretinopathy, are used, a standard releasing period of the drug 
is in the range from about two weeks to one month. When antiviral agents such as ganciclovir, which can be 

20 used to treat viral infections, are used, a standard releasing period of the drug is more than one month, e.g., 
about one month to six months. When antiinflammatory agents, such as steroids, which can be used to treat 
postoperative inflammation, are used, a standard releasing period of the drug is in the range from about two 
weeks to one month. When antibiotics, which can be used to treat postoperative infections, are used, a 
standard releasing period of the drug is in the range from about one week to two weeks. When antifungal 

25 agents, which can be used to treat mycotic infections, are used, a standard releasing period of the drug is 
more than one month, for example, in the range from about one month to two months. A variety of drugs 
that are useful to treat or prevent various diseases of the retina or to promote recovery from damage after 
vitreous surgery, can be used. The characteristic of the present invention is a technology to apply 
biodegradable lactic acid copolymers and the drug itself does not limit applications of the present invention. 

30 Various kinds of drugs such as antitumor agents, antibiotics, antiinflammatory agents, antiviral agents or 
antifungal agents can be used. 

General methods of preparing the plug of the present invention comprises the steps of synthesizing a 
lactic acid copolymer according to a known method, dissolving the copolymer in an organic solvent, such 
as methylene chloride, acetonitrile, acetic acid, or the like, adding a drug to the mixture, removing the 

35 solvent, and forming a plug from the obtained powder. The lactic acid copolymer can be prepared by e.g., 
polymerizing lactic acid or the cyclic dimer thereof and a comonomer such as giycolic acid or the cyclic 
dimer thereof in the presence of a catalyst such as tin octylate and lauryl alcohol. A bulk polymerization is 
preferable, but the polymerization methods are not limited. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of the scleral plug prepared in the Productional example 1 below; and 
Figure 2 is a perspective view of the scleral plug prepared in the Productional example 2 below. 

45 BEST MODE OF CARRYING OUT THE INVENTION 

Processes for producing scleral plugs for sustained release of drugs, i.e., doxorubicin hydrochloride, 
which can be used to treat or prevent proliferative vitreoretinopathy, and ganciclovir, which can be used to 
treat or prevent viral infection, are exemplified below. The following examples are given to make the present 
so invention clearly understood and shall not limit the scope of the present invention. 

(Productional example 1) 

First, an L-lactic acid/glycolic acid (in a molar ratio of 75/25) copolymer was synthesized in the 
55 presence of a catalyst consisting of tin octylate and lauryl alcohol by a bulk ring-opening polymerization. 
The weight-average molecular weight of the obtained copolymer was 38,000. After the copolymer (198 mg) 
was dissolved in 2 ml methylene chloride, doxorubicin hydrochloride (2 mg) was dispersed in the solution 
while stirring. The resulting dispersion was cast on a Teflon sheet to obtain an L-lactic acid/glycolic acid 
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copolymer sheet containing doxorubicin hydrochloride. Then the scleral plug shown in Fig. 1 was formed 
from the sheet by a cutting and skiving process. 

The scleral plug 4 is a nail-like shape consisting of a disk-like shaped head portion 1 and a shaft portion 
3 of a square pillar. The end 2 of the shaft portion 3 is pyramidal. 

5 

(Productional example 2) 

1000mg of a copolymer (molar ratio of L-lactic acid unit/glycolic acid unit: 75/25, the weight-average 
molecular weight was 40,000) prepared as described in Productional example 1 and doxorubicin hydrochlo- 

io ride (5 mg) were dissolved in 5 ml of acetonitnle/water (9/1). The solvent was then removed from the 
solution by lyophilization. The resulting powder was formed into a scleral plug under heating to obtain the 
scleral plug shown in Rg. 2. 

The scleral plug 14 is a nail-like shape consisting of a hemispheric head portion 11 and a columnar 
shaft portion 13. The end 12 of the shaft portion 13 is conical. 

15 By similar methods to those as described above, a scleral plug which consists of L-lactic acid/glycolic 
acid in a molar ratio of 50/50, 70/30, or 80/20 and having a weight-average molecular weight of 10,000, 
20,000, 50,000, 70,000, 100,000, or 200,000; and which contains doxorubicin hydrochloride by 0.1%, 0.3%, 
0.5%, 1%, or 2% can be obtained. By using D-lactic acid or DL-lactic acid instead of L-lactic acid, a similar 
scleral plug can be obtained. 

20 

(Productional example 3) 

900mg of a copolymer (DL-lactic acid/glycolic acid: 75/25, the weight-average molecular weight was 
122,000) prepared as described in Productional example 1 and ganciclovir (100 mg) were dissolved in 15 
25 ml of acetic acid and the mixture was lyophilized. The resulting powder was formed into a scleral plug 
under heating. 

By similar methods to those described above, a scleral plug which consists of DL-lactic acid/glycollic 
acid in a molar ratio of 50/50, 70/30, or 80/20 and having a weight-average molecular weight of 10,000, 
20,000, 40,000, 200,000. 400,000, or 1,000,000; and which contains ganciclovir by 1%, 2%, 5%, 10%, 15%, 
30 or 20% can be obtained. By using L-lactic acid or D-lactic acid instead of DL-lactic acid, a similar scleral 
plug can be obtained. 

(Productional example 4) 

35 900mg of po!y(L-lactic acid) (the weight-average molecular weight was 95,000) and ganciclovir (100 mg) 

were dissolved in 15 ml of acetic acid and then the mixture was lyophilized. The resulting powder was 

formed into a scleral plug under heating. 

By similar methods to those described above, a scleral plug having a weight-average molecular weight 

of 10,000, 20,000, 40,000, or 200,000; and which contains ganciclovir by 1%, 2%, 5%, 10%, 15% or 20% 
40 can be obtained. By using poly (DL-lactic acid) or poly(D-lactic acid) instead of poly (L-lactic acid), a similar 

scleral plug can be obtained. 

Sustained release effect of the drug, safety and degradation rate of the scleral plug which contains 

doxorubicin hydrochloride as an example of a drug were tested. The scleral plug containing doxorubicin 

hydrochloride prepared in Productional example 1 above was used. 

45 

(1) In vitro tests 

The scleral plug was incubated in an isotonic phosphate buffer, (pH 7.4) at 37' C. 1, 3, 7, 14, 21, and 28 
days after starting of the incubation, the amount of eluted doxorubicin hydrochloride was measured with a 
so fluorescent spectrophotometer. The results are shown in Table 1, where the eluted amounts are represented 
by wt% to the amount of doxorubicin hydrochloride that is originally contained in the scleral plug (100%). 
The results were shown by the mean value of three test samples. 
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Table 1 



Day 


The amount of eluted drug (%) 


1 


6.2 


3 


9.5 


7 


13.4 


14 


17.2 


21 


22.2 


28 


26.0 



As shown in Table 1 , doxorubicin hydrochloride was eluted slowly for four weeks. The results prove the 
sustained release effect of the drug, which is the object of the present invention. During the test period, 
?g disintegration of the plug was not observed. 

(2) In vivo tests 

Vitreous surgery was performed on one eye of each of ten pigmented rabbit. After two weeks, the 
scleral plug was inserted through the scleral incision and covered with conjunctiva. 1,3, 5, 14, and 28 days 
20 after insertion, 0.2 ml aqueous humor was taken from vitreous cavity and stored at -80 • C. The concentra- 
tion of doxorubicin hydrochloride in the aqueous humor was measured by a high performance liquid 
chromatographic method. The results are shown in Table 2. 

Table 2 

25 



Day 


The concentration of drug (ng/ml), 
mean value of ten eyes 


1 


12.4 ' 


3 


12.8 


5 


9.4 


14 


2.8 


28 


7.5 



As shown in Table 2, doxorubicin hydrochloride was released gradually into the vitreous body for four 
weeks and the effective concentration was maintained (2 to 10 ng/mi) on each measuring day. Moreover, 
the concentration of the drug did not greatly rise at a time and accumulation of the drug in the vitreous 
body was not observed. The sustained release effect and the safety of the plug of the present invention 
40 were proved by this test. 

(3) Toxicity tests 

(Histopathologic change in tissues) 

45 

The scleral plug was inserted through a scleral incision into the vitreous body of a pigmented rabbit and 
covered with conjunctiva. After one or three months, an eyeball was excised to observe histopathologic 
change in eye tissues with a light microscope. No histopathologic change was observed and the safety of 
the plug was proved. After the excision of an eyeball, the condition of the plug was also checked to 
so ascertain degradation of the scleral plug. The result proves that the scleral plug of the present invention is 
slowly degraded in a living body. 

(Change in retinal functions) 

55 Vitreous surgery was performed on one eye of each of two pigmented rabbits and then the scleral plug 
was inserted through the scleral incision and covered with conjunctiva. One month after insertion, an 
electroretinogram was recorded and compared with the electroretinogram recorded before vitreous surgery 
and also compared with the electroretinogram of the other eye, which was not treated by vitreous surgery. 
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No change in b wave was observed in every case. The result proved that the scleral plug of the present 
invention did not affect the functions of retina. 

INDUSTRIAL APPLICABILITY 

5 

The present invention provides a scleral plug that effectively plugs an incision after vitreous surgery and 
is not required to be removed. The scleral plug enables a drug to be administered safely and effectively in 
intraocular tissues, where drugs hardly distribute, by releasing a drug gradually for a long period. Moreover, 
it is possible to find another conventional methods for administering a drug, e.g., a method involving the use 
w of a scleral incision which is formed during vitreous surgery. 

Claims 

1. A scleral plug made of lactic acid copolymer. 

2. The scleral plug according to claim 1, wherein said lactic acid copolymer comprises lactic acid units 
and glycolic acid units. 

3* The scleral plug according to claim 1, wherein the weight-average molecular weight of the lactic acid 
20 copolymer is in the range from 1 0,000 to 1 ,000,000. 

4. The scleral plug according to claims 1 to 3, wherein the molar ratio of lactic acid units and glycolic acid 
units is in the range from 50/50 to 100/0. 

26 5. A scleral plug made of lactic acid copolymer having a nail-like shape comprising a head portion and a 
shaft portion, the end of the shaft portion being pointed. 

6. A scleral plug made of lactic acid copolymer comprising lactic acid units and glycolic acid units, 

wherein the weight-average molecular weight of the copolymer is in the range from 10,000 to 
30 1,000,000; the molar ratio of lactic acid units and glycolic acid units is in the range from 50/50 to 100/0; 
and said scleral plug has a nail-like shape comprising a head portion and a shaft portion, the end of the 
shaft portion being pointed. 

7. A scleral plug made of lactic acid copolymer containing a drug characterized in that the drug is 
35 released slowly into a vitreous body. 

8. The scleral plug according to claim 7, wherein said lactic acid copolymer comprises lactic acid units 
and glycolic acid units. 

40 9. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 10,000 to 100,000. 

10. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 10,000 to 100,000, and said plug is designed to release effective concentration of a 

45 drug for about one to two weeks. 

11. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 20,000 to 40,000, and said plug is designed to release effective concentration of a 
drug for about one to two weeks. 

50 

12. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 10,000 to 200,000, and said plug is designed to release effective concentration of a 
drug for about two weeks to one month. 

55 13. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 20,000 to 50,000, and said plug is designed to release effective concentration of a 
drug for about two weeks to one month. 
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14. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 10,000 to 1,000,000, and said plug is designed to release effective concentration of a 
drug for one month or more. 

5 15. The scleral plug according to claim 7, wherein the weight-average molecular weight of the copolymer is 
in the range from 40,000 to 200,000, and said plug is designed to release effective concentration of a 
drug for one month or more. 

16. The scleral plug according to claims 7 to 15, wherein the molar ratio of lactic acid units and glycolic 
w acid units is in the range from 50/50 to 100/0. 

17. The scleral plug according to claims 7 to 15, wherein the molar ratio of lactic acid units and glycolic 
acid units is in the range from 50/50 to 80/20. 

15 1a The scleral plug according to claims 7 to 15, wherein the molar ratio of lactic acid units and glycolic 
acid units is in the range from 70/30 to 80/20. 

19. A scleral plug made of lactic acid copolymer containing a drug, wherein said plug has a nail-like shape 
including a head portion and a shaft portion, the end of the shaft portion being pointed. 

20 

20. A scleral plug made of lactic acid copolymer comprising a lactic acid unit and a glycolic acid unit and 
containing a drug, 

wherein the weight-average molecular weight of the copolymer is in the range from 10,000 to 
1,000,000; the molar ratio of lactic acid units and glycolic acid units is in the range from 50/50 to 100/0; 
25 and said scleral plug has a nail-like shape comprising a head portion and a shaft portion, the end of the 
shaft portion being pointed. 

21. A scleral plug made of lactic acid copolymer containing a drug for use in treating or preventing 
diseases of retina, wherein said drug is released gradually into a vitreous body. 

30 

22. A scleral plug made of lactic acid copolymer containing a drug for use in promoting a recovery from 
damage after vitreous surgery, wherein said drug is released slowly into a vitreous body. 

23. The scleral plug according to claims 1 to 22, wherein said lactic acid unit is in L, D, or DL form. 

35 

24. The scleral plug according to claim 12 or 13, wherein said drug is an antitumor agent. 

25. The scleral plug according to claim 14 or 15, wherein said drug is an antiviral agent. 

40 26. The scleral plug according to claim 12 or 13, wherein said drug is an antiinflammatory agent. 

27. The scleral plug according to claim 10 or 1 1, wherein said drug is an antibiotics. 

28. The scleral plug according to claim 14 or 15, wherein said drug is an antifungal agent. 

45 



50 



55 
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FIG. 1 
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